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Abstract
International adoptees are at an increased risk of emotional and behavioral problems, especially those who are adopted at an
older age. We took a new approach in our study of the network structure and predictability of emotional and behavioral
problems in internationally adopted children in Finland. Our sample was from the on-going adoption study and comprised
778 internationally adopted children (387 boys and 391 girls, mean age 10.5 (SD 3.4) years). Networks were estimated using
Gaussian graphical models and lasso regularization for all the children, and separately for those who were adopted at
different ages. The results showed that anxiety/depressive symptoms, social problems, and aggressiveness were the most
central symptom domains. Somatic symptoms were the least central and had the weakest effect on the other domains.
Similarly, aggressiveness, social problems, and attention problems were high in terms of predictability (73–65%), whereas
internalizing problems were relatively low (28–56%). There were clear but local age-group differences in network structure,
symptom centrality, and predictability. According to our findings, network models provide important additional information
about the centrality and predictability of specific symptom domains, and thus may facilitate targeted interventions among
international adoptees.
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Introduction
Although most adopted children are well-adjusted (Juffer
and van Ijzendoorn 2005), adoption has been identified as
an independent risk factor for psychiatric and psychological
problems. Studies have reported that several factors in
addition to the individual genetic and biosocial background,
such as social circumstances prior to adoption, the back-
ground of the adoptive family, and relationships between
the adopted child and his or her family members, may
exacerbate developmental difficulties and psychological
symptoms (Merz and McCall 2010; O’Connor et al. 2003).
It has been shown that a later age at adoption poses a
specific mental-health risk (Fensbo 2004), and that children
who are younger when they are adopted recover more
quickly from the process of adoption and the potential
mental-health problems (Beckett et al. 2002). Moreover,
girls adopted at more than 12 months of age have more
psychological problems than those adopted at a younger age
(van Ijzendoorn et al. 2005).
Childhood psychiatric problems have traditionally been
classified in terms of externalizing or internalizing beha-
vioral and emotional problems (Achenbach et al. 1987).
Internalizing symptoms reflect problems such as anxiety,
depression, somatic complaints without a medical cause,
and withdrawal from social contact. Externalizing symp-
toms, on the other hand, manifest in conflicts with other
people and their expectations of the children’s behavior, and
include aggression and rule breaking. The most strongly
established method for determining or characterizing
behavioral and emotional problems in children is the Child
Behavior Checklist questionnaire (CBCL). In terms of
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output, the CBCL gives total scores and separates the
internalizing and externalizing symptom scores (second-
order symptom domains), and produces different subscales
for “thought”, “attention”, and “social” problems among
6–18-year-olds (Achenbach and Dumenci 2001).
The common-cause hypothesis, which posits that
underlying childhood disorders are dynamic and change
depending on the developmental stage, has not been well
ascertained (Rutter et al. 2001). The new dynamic-network
hypothesis in the field of psychopathology has recently
challenged the common-cause approach (Borsboom 2017;
Borsboom and Cramer 2013), inspiring a rapidly expanding
line of research (Boschloo et al. 2016; Fried et al. 2017).
According to this new research stream, psychological
symptoms and behavioral problems should be con-
ceptualized as nodes (symptoms or problems) in a network
that are mutually dependent via causal associations (edges)
(Borsboom and Cramer 2013). Feeling anxious, for
instance, could lead to problems with sleeping, which in
turn may lead to concentration problems. Hence, psycho-
logical symptoms may spread and activate other symptoms
in a dynamic network (Boschloo et al. 2015; Epskamp et al.
2012; Frewen et al. 2013; van Borkulo et al. 2014).
The theoretical underpinning in the network perspective
is that symptoms are not assumed to be interchangeable,
and that their importance, i.e., centrality, in the network
should be estimated empirically. Centrality refers to
symptoms that have strong connections with many others,
the activation of which they are likely to expand through the
symptom network once it is activated. Symptoms with
fewer connections lie on the periphery of the network and
are less important to the entity it describes (Cramer et al.
2010; Cramer et al. 2016; Bringmann et al. 2015; van
Borkulo et al. 2015). This research approach has been
applied to a range of phenomena in adults, including
depression (Boschloo et al. 2016; Fried et al. 2015), anxiety
disorders (Beard et al. 2016), psychotic disorders (Isvoranu
et al. 2016; Isvoranu et al. 2017), substance abuse (Rhem-
tulla et al. 2016), the general structure of psychiatric
symptomatology (Boschloo et al. 2015), health-related
quality of life (Kossakowski et al. 2016), and personality
traits (Constantini et al. 2015), but there are significantly
fewer studies regarding childhood problems.
All in all, the conceptualization of various psychiatric
and psychological symptoms as networks have shed new
light on the interconnections of individual symptoms, and
thereby on the symptoms that should be the focus of
interventions. For instance, symptoms that were closer to
the center in the network of depressive symptoms (loss of
interest and pleasure, depressed mood, fatigue) were
stronger predictors of the onset of a depressive episode than
those that were not as central (hypersomnia, decrease in
appetite) (van Borkulo et al. 2015a, 2015b).
Although psychiatric symptoms in children have not been
examined from a network perspective, a previous study
analyzed psychiatric symptomology in adolescents in
accordance with the network approach using the Youth self-
report scale on the symptom level (Boschloo et al. 2016).
Our study will make a further contribution in testing the
network structure at the symptom-domain level in a sample
of international adoptees, who have been shown to face an
increased risk of psychiatric problems (Elovainio et al. 2015;
Raaska et al. 2012). First, we examined the structure of
childhood behavioral and emotional problems in terms of its
architecture, constructing a symptom-domain network in a
sample of international adoptees. Second, given the evidence
that older adoptees face an increased psychopathological risk
(Raaska et al. 2012), we tested whether the network struc-
tures of children who were adopted at an older as opposed to
a younger age differed. Third, using the network metrics of
centrality (indicating the relative importance of the symp-
tom) and node strength (indicating the strength of its con-
nection with other symptoms) we investigated which items
were most significant to behavioral and emotional problems
in childhood. Fourth, we evaluated the predictability of the
individual symptom domains (how well each symptom in
the network is predicted by all the other symptoms). Pre-
dictability gives an additional estimate of how relevant a
given symptom is, and how it would change after an inter-
vention focused on other symptoms.
Method
Participants
This study is part of on-going research covering all children
(634 boys and 816 girls, response rate 55.7%) (Raaska et al.
2012) adopted internationally through the three legalized
adoption organizations in Finland between the years 1985
and 2007. The children were from Asia (China, Thailand,
the Philippines, India, Vietnam, Sri Lanka, Pakistan, Nepal,
Taiwan, Southern Korea, Israel), Africa (Southern Africa,
Ethiopia, Mozambique), America (Columbia, Guatemala,
the Dominican Republic, USA, Canada) and Eastern Eur-
ope (Russia, Romania, Estonia, Poland).
Procedure
Data were gathered via self-administered questionnaires
both from the adoptive parents and from adoptees aged over
9 years (2007–2009). A subsample of children aged 6–15
years with no missing values in the CBCL symptom-
domain measures was used in the current study (N= 758).
He participants were divided into two age groups (mean
ages 1.0 and 4.4 years at the time of the adoption).
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The Ethics Review Committee of the Hospital District of
South-West Finland approved this study, and the partici-
pating children and their parents gave their written consent
for their participation.
Measures
The Child Behavior Checklist (CBCL) was used to assess
behavioral and emotional problems. We grouped the
symptoms as internalizing vs. externalizing, each being
rated 0= “not true”, 1= “somewhat or sometimes true”, or
2= “very true or often true”. The CBCL has previously
been used among internationally adopted children, with
good psychometric test results (Dedrick et al. 2008). We
used questionnaires compiled for those aged 6–18 and
containing 113 questions (Hawk and McCall 2010). From
these we constructed the following symptom domains:
anxiety/depression, withdrawal/depression, somatic com-
plaints, rule-breaking behavior, social problems, thought
problems, attention problems, and aggressive behavior
(Achenbach and Rescorla 2001). The Cronbach’s alphas of
the individual domains were all above 0.97.
Data Analyses
The network structure of the CBCL symptom domains was
estimated as a Gaussian Graphical Model using the R
qgraph package (Epskamp et al. 2012). The least absolute
shrinkage and selection operator (graphical lasso) procedure
(Tibshirani 1996) estimates a network in which the nodes
are CBCL symptom domains (e.g., aggressiveness, rule
breaking, social problems) and the edges are partial corre-
lation coefficients between the nodes. Thus, each edge
represents the relationship between two nodes (symptom-
domain variables), after controlling for all other relation-
ships in the network. The Graphical lasso minimizes the
probability of detecting false positive edges by setting very
small edges to zero. The shrinkage parameter is chosen to
minimize the extended Bayesian Information Criterion
(Chen and Chen 2008), and has been shown accurately to
recover underlying network structures (van Borkulo et al.
2014). The graphical representation of networks is based on
the Fruchterman–Reingold algorithm that places nodes with
stronger and/or more connections closer together. Given
that CBCL symptoms are ordered-categorical, the analyses
were based on polychoric correlation.
We tested the robustness of the eight-symptom-domain
network and of the graph-theoretical measures derived from
it using the R-package “bootnet”, a bootstrap sampling
procedure (Epskamp 2015). We evaluated the stability of
the centrality metrics by repeatedly correlating centrality
metrics of the original data set with those calculated from
subsamples including less and less participants. We then
calculated the centrality stability correlation coefficient (CS-
coefficient) to quantify stability. The CS-coefficient is the
maximum number of participants that can be dropped while
maintaining 95% probability that the correlation between
centrality metrics from the full data set and the subset data
are at least 0.70. CS-coefficients above 0.50 indicate stable
centrality and above 0.25 is recommended for interpreting
centrality indices.
We then estimated the centrality of all the symptoms,
which represents the connectedness of a given symptom
with all the others in the network. The centrality indicators
were: (A) node-strength centrality defined as the sum of all
associations a given symptom exhibits with all other nodes;
(B) betweenness centrality based on the concept that the
shortest path length connects any two symptoms (a symp-
tom with high betweenness lies along the shortest path
connecting many other symptoms); and (C) closeness cen-
trality as a measure of how close a symptom is to all the
other symptoms (Opsahl et al. 2010). The difference in
overall connectivity (defined as the weighted sum of the
absolute connections (Barrat et al. 2004)) between the net-
works of those who were adopted at a younger vs. an older
age was assessed statistically using the Network Connection
Test (NCT), which is implemented in the R-package NCT
(Van Borkulo 2015a, 2015b). The NCT is a two-tailed
permutation test involving the repeated (100,000 times)
calculation of the difference between two groups of ran-
domly regrouped individuals. It results in a distribution
under the null hypothesis (on the assumption that both
groups are equal), which can be used to test the significance
of any difference between the groups. The observed dif-
ference is considered significant at the threshold of 0.05.
We assessed the predictability of the individual symptoms
using the R-package MGM, which was developed for
estimating time-varying mixed graphical models (Haslbeck
2016) version 1.1.-7. The MGMs were estimated via 1-
regularized (lasso) neighborhood regression, the neighbor-
hood of a node being the set of nodes connected to it.
Results
Table 1 shows the means and standard deviations of the
CBCL symptom domains. The mean age of the participants
(girls 50.3%) was 2.7 years (SD 2.1) at the time of adoption
and 10.5 years (SD 3.4 years) at the time of the data col-
lection. The average age at the time of the adoption in the
younger group was 1.0 years (SD 0.7) and 4.4 years (SD
(0.7) in the older group.
Figures 1a, b show the symptom networks of all the
adoptees, and of the two age groups. The edges between the
nodes within a network correspond to polychoric partial
correlations between the CBCL domains, after controlling
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for all other domains. The stronger the connection between
two nodes, the thicker and more saturated is the edge (the
connecting line between two nodes). Positive and negative
connections are denoted by green and red edges, respec-
tively. Each node corresponds to a CBCL symptom domain,
as shown in Table 1, and is colored according to the second-
order domain to which it is allocated (as shown in Fig. 1a,
b). The Fruchterman–Reingold algorithm, which places
more strongly connected nodes closer together, is used for
node placement in all the networks. The global structure of
each one partly reflects the second-order-domain set-up.
Domains belonging to the same second-order domain were
closely connected and clustered (in predetermined second-
order domains). For instance, aggressive behavior and rule
breaking were strongly connected, representing a second-
order domain of externalizing symptoms. Withdrawal and
anxiety were also connected, representing a second-order
domain of internalizing symptoms, and of the second-order-
domain “other symptoms”, attention problems and social
problems were connected. Thought problems seemed to be a
bridging symptom between internalizing and externalizing.
Our person-dropping stability analysis produced CS-
coefficients of 0.23, 0.62, and 0.74 for our betweenness,
closeness, and strength centrality metrics, respectively. The
value for betweenness was below and the others were above
the recommended minimum threshold of 0.25, suggesting
that the centrality estimates are somewhat unstable. Dif-
ferences between those adopted at older as opposed to
younger ages seemed to relate to overall connectivity and
edge strength. There were fewer but stronger connections
between the nodes among those who were adopted at an
older age, and the connections more clearly reflect the
underlying second-order domain structure.
Figure 2 shows the centrality measures for all the domain
networks. The networks of those adopted at an older vs. a
younger age differed in centrality on two items: according
to all the measures of centrality, the anxiety/depression
domain seemed to be the most central among younger but
not among the older adoptees, whereas aggressiveness was
the most central item among children adopted at an older
age. On the other hand, thought problems were less pro-
minent among those who were adopted at a younger age.
These results indicate that among all the adoptees, anxiety/
depression, social problems, and aggressiveness may be the
symptom domains that affected all the others, and that
somatic symptoms had the least effect on the others.
We conducted the Network Comparison Test to examine
the differences in overall network structure between the age
groups, and could not reject the null hypothesis that the
network structure is invariant over subpopulations when the
weighted network structures were compared (coefficient=
0.192, p-value= 0.54). These results indicate that the
domain-network structure generalizes to different sub-
populations quite well. However, it should be noted that this
does not rule out the existence of local differences given the
limited statistical power to detect them.
Finally, we considered how well the other nodes in the
network predicted the individual nodes (symptom domains),
meaning that we computed the mean of the conditional dis-
tribution of the node at hand with that of its neighbors.
Because we were interested in how well a given node could be
predicted by all the other nodes in the network, we removed
the effects of the intercepts. The results of the predictability
analyses are presented in Fig. 3a, b and Table 2. The green
edges in Fig. 3a, b indicate positive relationships and the red
edges indicate negative relationships. The circle of each color
indicates the proportion of explained variance for each node.
As expected, there was a close relationship between the
parameters of the network model and predictability: if a node
was connected to only a few other nodes then the explained
variance tended to be low, and the more edges that were
connected to a node, the higher the predictability tended to be.
Thus, the predictability of aggressiveness was relatively high
(0.73), as was that of social problems (0.63) and attention
problems (0.65). However, predictability was lower in the
case of second-order internalizing symptom domains such as
withdrawal (0.41), anxiousness (0.56), and somatic problems
(0.28). There were some differences in symptom-domain
predictability between those who were adopted at older
(Fig. 3b) vs. younger ages. In short, the predictability in
domains representing externalizing symptoms (aggressiveness
and rule breaking) was stronger among those who were
adopted at an older age, whereas internalizing symptoms such
as withdrawal and somatic symptoms were more predictable
among those adopted at a younger age (Table 2).
Discussion
We have demonstrated a state-of-the-art approach to model-
ing the architecture of childhood psychiatric symptomology.
Table 1 The means and standard deviations of the CBCL symptom
domains (N= 784)
Mean SD
Anxiety/depressive symptoms 2.3 3.00
Withdrawal/depressive symptoms 1.5 2.12
Somatic complaints 1.6 2.00
Social problems 2.5 3.06
Thought problems 1.9 2.92
Attention problems 4.5 4.38
Rule-breaking behavior 2.6 4.01
Aggressive behavior 6.1 6.60
N 784
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The network structure of international adoptees reflected the
predetermined clusters of externalizing and internalizing
symptoms relatively well. The connections became more
distinct as the child grew older, which is consistent with
earlier findings showing that symptoms become more clearly
domain-specific at older ages (Dedrick et al. 2008). Externa-
lizing symptoms, such as aggressive behavior, were posi-
tioned centrally in the networks according to all the centrality
measures, and their predictability was also high. These results
indicate that symptoms related to the aggressiveness domain
potentially affect all the other symptoms and are potentially a
good target for interventions. There were local network dif-
ferences between those adopted at older and younger ages,
indicating the centrality of aggressiveness among the former
and anxiousness among the latter. According to these results,
it would be reasonable to take the age at the time of adoption
into account when planning interventions for international
adoptees.
Fig. 1 The network of emotional and behavioral problems in inter-
national adoptees as measured by the CBCL in all (a), in those adopted
at a younger age and those adopted at an older age (b). The color and
thickness of an edge represent the size of the absolute polychoric
partial correlation between two nodes. The node colors correspond to
the three domains (color figure online)
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A number of studies have indicated that internationally
adopted adolescents have more mental-health problems than
their non-adopted age-mates, adopted adolescents having
more externalizing problems in particular (Askeland et al.
2017). It is essential to offer efficient and targeted (treat-
ment) intervention and prevention strategies for this high-
risk population already in childhood. Due to increased
number of severe attachment problems (disorganized
attachment) among adopted children, most of the interven-
tion studies among adopted children have focused on
attachment and parental sensitivity. These attachment-based
interventions are shown to increase attachment security and
well-being of the children (Wright et al. 2015). However,
there are findings that severe attachment problems may be
linked with concurrent or later behavioral problems and
aggression (Zeanah et al. 2016) and it has increased the
need to expand the focus of treatment programs also on
behavioral problems. Our findings about the centrality of
aggressiveness give support on this. In their study using a
community sample of adolescents Boschloo and others
(Boschloo et al. 2016) showed that externalizing problems
had a lot of connections within the same domain and not
particular amount connections with other domains. Thus,
the centrality of externalizing problems may be typical for
international adoptees, but future studies with a
case–control design where international adoptees and other
children can be efficiently compared are needed.
These results would have been difficult to detect without
using the Gaussian Graphical Model (GGM) to determine
the network structure for emotional and behavioral pro-
blems. Every pairwise interaction is evaluated while con-
trolling for all the other variables, after which the network is
regularized by means of lasso penalization. Edges that sur-
vive the resulting process are likely to represent real asso-
ciations. We did not determine the nature or the direction of
these associations. Some relationships between symptom
domains may reflect potential causal effects, whereas others
may be potentially bidirectional. It is highly likely that being
aggressive leads to rule-breaking behavior, but not vice
versa, whereas aggressive behavior may cause social pro-
blems and social problems may also provoke aggressive-
ness. A similar approach was adopted in a previous study in
which the Youth Self Report was used on the item level to
test the network structure of emotional and behavioral pro-
blems among adolescents (Boschloo et al. 2016).
According to the results, the network structure corresponded
with the structure that had previously been identified in
principal component analyses (symptom domains) (Achen-
bach and Dumenci 2001). Our findings offer further support
for the same theoretical structure in showing that symptom
domains within the same second-order domain have more
and stronger connections than those in different second-
order domains. However, as in the above-mentioned study
(Boschloo et al. 2016), the network-structure analyses also
yielded new information about the complex associations
between emotional and behavioral problems.
There are pros and cons in testing networks of symptom
domains rather than individual symptoms. It is implied in
Betweenness Closeness Strength
−1 0 1 2 −2 −1 0 1 2 −2 −1 0 1
aggressive
anxious
attention
rulebreaking
social
somatic
thought
withdrawn
type
All
Older
Younger
Fig. 2 Centrality measures of symptom domains in all, in those adopted at a younger age and in those adopted at an older age
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some findings that potentially important information is lost
when items are summed to establish scale scores. As Bos-
chloo and others (2016) showed, for instance, depressive
symptoms that had strong connections with other symptoms
in the network more strongly predicted the onset of severe
depression than symptoms with few or weak connections.
a
b
Fig. 3 The Mixed Graphical Model estimated on the symptom network
in all adoptees (a), in those adopted at a younger age and those
adopted at an older age (b). The green edges indicate positive
relationships and the red edges negative relationships. The blue ring in
all the nodes shows the proportion of explained variance (color figure
online)
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We, therefore, believe that both research and clinical practice
could benefit from an approach that specifically focuses on
individual problems and their unique role in the network.
However, very few scales reflect this thinking, and some
individual items measuring individual symptoms are not
meant to have any other role than to increase the reliability of
the given scale or subscale. Thus, some items may just add
noise in the network structure and the analyses may produce
artificially complex results. It may nevertheless be reasonable
to test the structure on the level of theoretically meaningful
measures, in this case on the symptom-domain level. At least
these approaches are complementary, as suggested in the
above-mentioned study testing the network structure of
health-related quality of life (Kossakowski et al. 2016).
In any case, the network approach yields important
information about specific associations between symptom
domains. One advantage is its capacity to identify the most
important nodes in the structure. This type of information
may facilitate the formation of hypotheses on the etiological
mechanisms underlying the onset and course of psycho-
pathology. Associating symptoms with other symptoms in
the network could help in targeting interventions to those
children at highest risk. Our centrality analyses revealed that
symptoms of aggressiveness and anxiety were the most
prominent in all the network structures, particularly among
those who were adopted at older and younger ages,
respectively. There were no differences between the two
groups in overall network connectivity, however. Aggres-
siveness, problems with social relations, attention problems,
rule breaking and anxiety/depression were the symptom
domains that the other symptoms in the network predicted
most strongly. Factors not included in the network seemed to
predict somatic symptoms and withdrawal, especially among
those who were adopted at an older age. Thus, it seems that
interventions targeted at counteracting aggressiveness
should focus on rule-breaking behavior and thought pro-
blems. Interventions aimed at reducing anxiety should focus
on withdrawn behavior, thought problems and social pro-
blems, although there were clear differences between those
who were adopted at older as opposed to younger ages.
The network structure in the older group clearly reflected
the second-order domain structure, and the predictors
probably also belonged to the same second-order domain.
Thought problems seemed to be associated with anxiety in
both groups. The network structure of those who were
adopted at younger age did not reflect the second-order
domain structure as clearly, and multiple symptom domains
were related. It is thus reasonable to assume that interven-
tions should also focus on multiple or even all symptom
domains. A further implication is that the networks of those
who were adopted at an older age may be more solid and
more difficult to change: according to our findings, most of
the symptom domains of those in this group were well
explained by the other symptoms domains in the network.
Prolonged adverse experiences, or simply getting older,
may affect this structuring process, and studies following up
international adoptees are needed to assess the differences.
Factors that were outside of the network clearly explained
more of the symptom domains of those who were adopted
at a younger age, hence it would be easier to bring about
changes by changing the environment.
Limitations
A major limitation of this study is the lack of a real prognostic
design, which prevented us from drawing any causal con-
clusions or offering any interpretations related to the temporal
order of the associations between the symptom domains.
CBCL is an established and widely used measure of child-
hood psychopathology (Hawk and McCall 2010; Trillings-
gaard et al. 2004; Verhulst and Versluis-den Bieman 1995).
However, all the information in our study was reported by the
parents, and more reliability would have been achieved had
we used multiple informants. The CBCL scores we obtained
could be considered relatively low compared to the results of
previous cross-cultural studies (Viola et al. 2011), especially
given that we were focusing on a risk group. Thus, there may
be cultural differences in reporting symptoms. Our study
focused exclusively on internationally adopted children.
Comparisons with non-adopted children in future research
could enhance understanding about the pathophysiology of
psychiatric symptoms in adoptees. However, even if the
levels differ, the associations between the various constructs
may not, hence the CBCL may well be a good measure of
behavioral problems in Finland and elsewhere.
To conclude, the network structure of emotional and
behavioral problems supported the second-order domain
structure of the CBCL. Furthermore, the network analyses
Table 2 The variance explained of each individual symptom domain
in all the adoptees, those who were adopted as older children and those
who were adopted as younger children
Symptom domain All Adopted as
older
Adopted as
younger
(N= 778) (N= 385) (N= 392)
Anxiety/depressive
symptoms
0.56 0.54 0.56
Withdrawal/depressive
symptoms
0.41 0.29 0.51
Somatic complaints 0.28 0.26 0.32
Social problems 0.63 0.62 0.62
Thought problems 0.53 0.58 0.48
Attention problems 0.65 0.66 0.58
Rule-breaking behavior 0.58 0.59 0.48
Aggressive behavior 0.73 0.75 0.67
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gave potentially important information about the unique
role of individual symptom domains and their complex
associations, both within and outside the second-order
domain. Perceiving emotional and behavioral problems as
complex networks may help clinicians to shape their
thinking about the various mechanisms and treatment stra-
tegies. The differences between the age groups also implies
the need for treatment strategies focusing more on those
who were adopted at an older age.
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